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Although many attempts have been made to inoculate successfully 
,the lower animals with portions of tumors from human beings they 
'have in  the great majority  of cases  been  without  results.  In  some 
instances  the observers  have claimed  that they have been  successful 
}rot their statements  are,  as a  rule,  not convincing. 
Carl  Lewin 1  discusses  this  question  of  transplantation  at  length 
and  reviews  the  reports  of  those  who  have  conducted  such  experi- 
ments.  The  following  is  a  synopsis  of  the  instances  that  he  con- 
siders,  separating  them  into  two  groups,  according  as  the  results 
of  the transplantation  were  negative  or apparently  successful. 
The first to be given are the negative instances. 
Doutrelepont  ~ experimented with the transplantation of human tissue into the 
lower animals  with negative results. 
BiIlroth  3 attempted  to  transfer  human  carcinoma  and  round  cell  sarcoma  to 
dogs.  No  growth was  however, obtained either by implantation or by  injection 
into the jugular vein.  Lebert and Wyss  * injected a  sarcoma emulsion into rabbits 
without  any  growth  taking  place.  FischP injected  rats  intraperitoneally, intra- 
venously  and  subcutaneously  with  a  small  cell  sarcoma  of  the  upper  arm  and 
with a  melano-sarcoma of the lymph nodes.  The tumors  were absorbed without 
leaving  the  slightest  trace.  Duplay  and  Cazin"  and  Pawlowsky  7 transplanted 
sarcomatous  tissue  with  no  resulting  growth.  Roux  and  Metschnikoff  s  inocu- 
lated  portions  of  a  melano-sarcoma into  the  anterior  chamber  of  the  eye,  and 
also beneath the skin of a  young chimpanzee, with negative results. 
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Many  positive  reports  are  given;  they  include  the  following. 
Follin  and  Lebert  9 injected  from  sixty  to  seventy  grammes  of  a  mixture  of 
mammary  carcinoma  and  water  into  the  jugular  vein  of  a  dog.  At  the  end  of 
fourteen  days  nodules  about  the  size  of  a  bean  were  found  in  the  wall  of  the 
heart  and  tumors  the  size  of  a  pin's  head  were  found  in  the  liver.  No  definite 
microscopic  report  is  given. 
O.  Weber  ~°  injected  portions  of  a  carcinoma  of  the  superior  maxilla  into  the 
vena cruralis  of a  dog and also  inoculated the  same  animal subcutaneously.  On 
the  sixth  day  granulations appeared  at  the  site  of  the  inoculation  and  continued 
growing  until  a  mass  the  size  of  a  man's  fist  was  formed.  As  the  granulation 
mass  began  to  l~ndergo  necrosis  the  animal  died.  Similar  granulation  tissue 
was  formed  in  a  cat.  Gouyon  11  obtained  positive  results  from  inoculation  into 
dogs  and  guinea-pigs.  Klencke  TM  claims  to  have  successfully  inoculated  horses 
and  dogs  with  melanotic tumor  cells. 
Langenbeek  TM  injected,  on  June  8,  intravenously  into  a  dog,  cancer  masses 
suspended in blood serum.  On August lO he killed the animal and  found on the 
anterior surfaces of the upper lobes of both lungs two or three minute flat tumors 
that  microscopically  showed  the  structure  of  carcinoma.  In  the  middle  lobe  of 
the  left  lung  there  was  a  hard  mass  about  the  size  of  a  bean  that  also  showed 
carcinomatous  formation.  Microscopically  the  growth  consisted  of  a  net-work 
of fine fibers between which were masses of closely packed  cells.  Lanz  '4 injected 
a  few  drops  of  an  emulsion  of  melano-sarcoma  into  the  spleen  of  a  dog.  The 
animal became obviously eachectic and died at the end of one and a  half months. 
A  black  mass  at  the  site  of  the  injection  was  found  at  autopsy.  The  sub- 
cutaneous  tissue  was  slate-gray  in  color,  the  entire  peritoneum  dark,  and  the 
spleen deep black and soft.  Pigment deposits  were found in the liver,  intestines, 
serosa,  kidneys,  lungs  and  epicardium.  The  pigment  was  generally  of  a  deep 
black color,  but  in  places  it  was  greenish.  It  existed  mostly  free  in  the  tissues 
but  partially  within  the  cells.  Further  transplantations  were  negative. 
Lanz  TM also  inoculated several rabbits with a  peculiar  tumor  of the membranes 
of  the central nervous  system.  After  four  months  one animal showed  a  rapidly 
growing  tumor  in  the  left  eye.  After  death  the  following  conditions  were 
observed:  In  the  fatty  tissue  of  the  orbit  there  was  found  a  stratified  growth 
that  had  caused  some  necrosis  of  the  neighboring bone.  In  the  lungs  and  the 
kidneys and over the peritoneum, especially,  were numerous soft tumors.  Micro- 
scopically  there  was  found  "a  parasitic  infection  of  nearly  all  the  endothelial 
cells of the peritoneum."  The orbital tumor showed microscopically the structure 
of  a  sarcoma  of  the  iris  or  choroid.  The  author  believed  that  he  had  found 
in  the  parasite  the  cause  of  certain  sarcomatous  neoplasms. 
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Jfirgens  1"  removed  portions  of Sarcoma  melanoticum  carcinomatoides  thirty- 
six hours  after death and  implanted them into rabbits.  In  one animal  he  found 
at the end of eight days small tmnors in  the omentum and the mesentery.  These 
had  formed around  the  implanted  tissue and  consisted of  large  round  cells  and 
polymorphic cells.  A  second  rabbit  at  the  end  of  three  weeks  showed  in  the 
omentum  two  tumors  about  the  size  of  a  cherry  stone.  A  third  animal  had 
small black tumors in the nlesentery; and on  the epicardium over the right heart 
some black soft structures about  the size of a  hemp seed. 
Jiirgens  further  reports  the  successful  implantation  of  human  sarcomatous 
tissue into rabbits.  After intraperitoneal transplantation of a  metastatic sarcoma 
of  the brain  there  developed in  the  right  eye  of the  rabbit  a  tumor  the  size  of 
a  hazel-nut of the  same structure as  the original  growth.  A  second rabbit  that 
had  been  inoculated in  the  eye  with a  melano-sarcoma, showed in  the course  of 
fourteen days, a  tumor the size of a  pea.  He also succeeded in obtaining tumors 
in  the lungs and  intestines of a  rabbit  hy  inoculating  it,  twenty-four hours  after 
its  removal at  autopsy,  with a  myxo-sarcoma of the  ovary. 
Mayet  17  reports  that  by injecting animals  with  the juice of malignant tumors 
he  was  able  to  obtain  tumor  growths.  Von  Bambeke  TM  saw  a  tumor  form  in  a 
rat  five weeks after the transplantation of sarcomatous tissue.  Reale  TM  implanted 
subcutaneously  a  piece  of  a  Sarcoma  cutaneum  idiopathicum  hemorragicum 
(Kaposi)  the size of a  pea  into a  rabbit.  At first the piece flattened down, but 
at the end of two years began to grow and attained the size of a  chestnut; it was 
adherent  to  the  adjacent  tissues.  The  microscopic  structure  was  that  of  an 
endothelioma  or  lympho-sarcoma  and  differed  from  the  original  material  im- 
planted.  Reale  considered the deviation  in  structure  to  be  due  to  the  influence 
of the new environment. 
A.  Vischer  "°  in  December,  19o2, injected  into  the  peritoneal  cavities  of  a 
rabbit  and  a  guinea-pig  a  cubic  centimeter of  a  mixture  of  melanotic  sarcoma 
and  salt  solution.  On  February  17,  19o3, the  rabbit  was  killed  and  in  the peri- 
toneal  cavity  there  were  found  many  small  deeply  pigmented  nodules.  The 
peritoneum did not  show a  trace  of inflammatory changes.  Microscopically the 
nodes  consisted  of  a  delicate  connective  tissue  frame  work  with  spindle  cells 
and  a  few  blood  vessels.  In  the  stroma  were  found  many  large  round  cells 
filled  with  pigment.  Giant  ceils  were  also  found.  Nowhere  were  cells  that 
resembled those of  the  tumor  observed either  free  from  pigment or  poor  in  it. 
All  those cells without pigment were either spindle or small  round  cells and  had 
no  resemblance to  the  cells  of  the  tumor.  The  pigmented nodules  were  in  all 
probability the  result  of  reaction  to  the  presence of  foreign materials.  Similar 
appearances  can  be  obtained  by  the  injection  of  india  ink.  The  inoculated 
guinea-pig showed  a  condition similar  to  that  in  the  rabbit. 
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Gaylord  ~  inoculated dogs and  guinea-pigs with carcinomatous tissue.  In  the 
dog  there  resulted  numerous  small  nodules  in  the  liver  which  were  said  to  be 
cancerous.  A  guinea-pig showed carcinoma nodules in the lungs.  Dagonet  22 took 
a lymph node from a case of a recurrent squamous epithelioma of the penis, ground 
it in a  mortar and  injected two cubic centimeters of  it  into  the peritoneal cavity 
of a  rat.  The animal  became emaciated and  died  fifteen months later.  At  the 
autopsy  several nodules  were  found  in the omentum, a  large  nodule  in  the liver 
and  one  in  the  spleen.  The  nodules  were regarded as  squamous  epitheliomata, 
the cells being smaIler than those of the primary tumor. 
Dagonet  and  Mauclaire  -"~  took  two  cubic  centimeters  of  a  mixture  of  rectal 
carcinoma  and  salt  solution  and  injected  it  into  the  peritoneal  cavity  of  a  rat. 
The  animal  became emaciated and  was  killed  in  six  weeks.  In  the peritoneum 
were found several small  ulcerating nodules.  A  second rat  was similarly inocu- 
lated  from the first.  At  the end of two  months the abdominal  cavity contained 
a  large  lobulated  growth  constituting  about  one  third  of  the  animal's  weight. 
The  microscopic structure  was  identical  with  that  of  the  tumor  in  the  first  rat, 
but  they both  differed from the original  columnar ceil  carcinoma.  The  authors 
designated the  growth a  sarco-carcinoma. 
Lewin in discussing the above cases believes that in all  those in- 
stances  where  the  peritoneum  was  concerned  the  tumor-growths 
were  nothing  more  than  the  result  of  an  inflammatory reaction, 
namely,  granulation  masses.  Von  Hansemann  24  states  that  the 
transplantation of tumors from man to animal has never been  suc- 
cessful.  The  reported  positive results  are  easily explained by the 
facility with which the peritoneum in reacting to chronic irritation 
forms inflammatory tumors.  The tumors which Jiirgens obtained 
were nothing else than granulolnata, and Dagonet's sacro-carcinoma 
was  a  pure  inflammatory growth.  In  the  other  cases  there  may 
have been  an  accidentally associated tumor,  as  in  Gaylord's.  The 
tumor in the liver may not have been positively carcinomatous, and 
even supposing it to be it does not prove that it was due to the inoc- 
ulation, as  it  represented the one positive result in  many attempts. 
The carcinoma in the lung of Gaylord's guinea-pig was, according 
to von Hansemann, doubtless a  benigu adenoma such as have often 
been described as  arising spontaneously. 
Lewin  2~  reports  the  following  experiments  on  the  transplantation  of  human 
cancer  tissue  into  dogs.  He  took  portions  of  a  very  rapidly  growing  ovarian 
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cancer  and  introduced  them  into  the  abdominal cavity of  a  dog.  Three  weeks 
later the  animal  was  killed  with chloroform and  an  autopsy  made.  There  was 
found  in  the  scar  of a  previous operation  a  tumor  about  the  size  of a  joint  of 
the  little  finger.  This  was  quite  firm  and  projected into  the  abdominal  cavity. 
The  peritoneum,  especially  the  omentum  and  the  mesentery,  was  covered  with 
many  small  nodules  varying  in  size  from  a  pin  point  to  a  pin  head,  greyish- 
white in  color and  fairly firm.  Some were also  found  on  the  gall  bladder and 
the  diaphragm.  No  neighboring zone of  redness  existed, the  coils  of  intestine 
were  not  adherent,  the  peritoneum  was  smooth  and  shining  and  there  was  no 
fluid  present  in  the  cavity.  The  retro-peritoneal  nodes  were  swollen,  and 
although  quite  soft  showed no  caseation.  One  small  but  enlarged  lymph  node 
occurred behind the manubrium. 
The  microscopic examination  showed  the  following:  The  peritoneal  nodules 
are  composed of  masses of  round  cells  between  which lie  a  few with  lobulated 
nuclei  and  spindle cells.  Besides these  are  seen  large,  pale,  endothelial  nuclei. 
Vessels are present, no necrosis, no giant cells.  The retro-peritoneal lymph node 
had the appearance of an inflammatory swelling.  The scar tumor showed crossing 
strands  of  connective tissue  with  round  and  large  spindle  cells  and  lobulated 
leucocytes.  In  places  the  large  cells  were  particularly  numerous.  Neither 
necrosis nor giant  cells occurred. 
Two  dogs were inoculated with portions from the first growth.  In the third 
generation four dogs were employed, two in  the fourth and  two in  the fifth.  In 
all  instances  further  growths  were  obtained.  In  no  case  however  was  there 
a  resemblance to  the  primary  tumor  and  the  author  believes  that  in  none  was 
he  dealing  with  a  carcinoma.  The  structure  was  not  typically  sarcomatous 
although  in  many places  it  might be considered as  such.  In  view  of  the  work 
done by  Ehrlich and  Apolant,  ~  in  which sarcomatous tumors  developed in  mice 
as a  result of the transplantation of cancer tissue, it would not be very surprising 
if  a  sarcomatous  condition  had  followed  in  the  course  of  the  implantation  of 
carcinomatous  structures. 
The  possibility of  the  above  tumors  being  infectious  in  character  was  con- 
sidered  and  many  examinations  were  made  to  determine  that  point.  No  or- 
ganisms  could  be  found  by  staining  or  by  the  inoculation  of  many  forms  of 
culture  media.  Portions  of  the  growth  were  ground  in  a  mortar  and  passed 
through a  filter coarse enough to allow the passage of bacteria.  Two  dogs were 
injected  with  this  material  with  negative  results,  while  two  other  dogs  were 
successfully inoculated  with  untreated pieces  from  the  same growth. 
A.  Sticker  27  in numerous experiments, using goats, dogs, cats, rabbits, guinea- 
pigs,  rats,  and  mice  and  inoculating  in  every  possible  way,  was  unable  in  so 
much  as  a  single instance  to  transmit  human  cancer  to  the  lower  animals.  In 
the  course  of  time  the  inoculated  juices  and  pieces  of  tissue  were  completely 
absorbed.  The  most  careful  macroscopic  and  microscopic  examination  failed 
to  reveal any tendency toward tumor formation. 
Leo  Loeb  ~  in  a  series  of  experiments  on  the  transplantation  of  tumors 
from  one  rat  to  another  made  many  attempts  to  determine  if  pieces  of  a  rat 
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sarcoma  could  be  transplanted  into  guinea-pigs.  All  the  attempts  were un- 
successful.  Equally  unsuccessful  were transplantations  into  white  mice and 
into hens. 
M. Herzog  ~9 tried  for several years to produce carcinoma or sarcoma in rabbits 
and  guinea-pigs  by  injecting  triturated  and  filtrated  hmnan  tumor  material, 
subcutaneously, intraperitoneally,  and  into  the  anterior  chamber  of the  eye, but 
has never had any success. 
Mayet  8° made  numerous  attempts  to  inoculate  lower animals with  a  glycerine 
suspension  of human  carcinoma.  He concedes that  his  experiments  with  dogs 
and  rabbits  were  negative  but  in  his  experiments  with  fifty-three  white rats  he 
says that  he  certainly did  four times produce  " epithelial cancerous lesions "  and 
in  eight  more  cases probably  brought  about  similar  changes.  M.  Herzog  31  in 
discussing the  above says that  " One  cannot  read  Mayet's  descriptions  critically 
without  becoming  convinced  that  he  has  not  succeeded  in  producing  a  true 
carcinoma in a single instance." 
In view  of the  previous  results  of  the  transplantation  of tumors 
of man  to  the  lower animals  the  following experiment  is  recorded. 
The results indicate that possibly under certain conditions, at present 
unknown,  inoculation  may be  successfuly achieved. 
On  November  3,  I9o6,  a  small  portion  of a  scirrhus  carcinoma 
of the breast  was  implanted,  subcutaneously,  in  the  abdominal  wall 
of an adult white rat,  the exact age of which was unknown, but the 
animal was quite a  large one, and presumably fully grown.  At the 
same time  a  like piece was  implanted  similarly in  a  white rat about 
four weeks  old. 
The following are brief notes of the two rats. 
Rat  z.  Piece  of tissue  implanted  November 3,  I9O6. 
November 7.  Animal  well.  Small  raised  area  at  the  seat  of 
the implantation. 
November 1  3.  Lump in abdominal wall  seems  slightly larger. 
From  this  date  on  there  was  no  change  seen  in  the  size  of 
the  nodule.  At  all  times  it  was  freely  movable. 
April  I,  I9o 7.  The rat was  found dead.  For the past couple 
of  months  it  had  been  sneezing  and  coughing,  had  lost 
somewhat in weight and its coat was rough and  dry. 
Rat  2.  Tissue  implanted  November 3,  I9O6. 
November 7-  Animal well,  small  raised  nodule at  the  seat  of 
M.  Herzog, Jour.  of Med.  Research,  I9O2, viii, 74. 
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the  inoculation.  No  evidences  of  an  inflammatory con- 
dition. 
November  13.  Nodule has been decreasing in size and can at 
present  no  longer  be  felt.  At  the  present  date,  August, 
I9o7,  the rat is  perfectly well. 
An autopsy was made on rat No.  I  with the  following findings: 
On  the  abdominal  wall  at  the  site  of  the  implantation  there  is  a 
small whitish nodule about 9.25 ram. in diameter.  It is not ulcerated, 
is firmly adherent to both the skin and the abdominal muscles and 
does not extend to the peritoneum.  No other nodules are present. 
The  right  lung  is  small,  firm,  and  contained  numerous  small 
yellowish  areas  of  a  thick,  semi-caseous  material.  Left  lung  is 
enlarged and emphysematous.  The liver contains a  small parasitic 
cyst (taenia).  Other organs are apparently normal. 
The  microscopical  examination  of  the  abdominal  nodule  is  as 
follows : 
The  specimen  consists  of  a  small  oval  nodule  about  o. 5  cm. 
long and  one-half as  wide, the end being blunt.  On  its  outer pe- 
riphery  it  is  covered by a  considerable  thickness of  skin  and  sub- 
cutaneous tissue.  This surface is slightly raised above the adjacent 
normal structures.  At the ends of the oval are found a  few muscle 
fibers,  some  of  which  seem  to  be  degenerated  and  replaced  by 
connective  tissue.  The  deeper  portion  rests  upon  the  sheath  of 
one of the abdominal muscles. 
Surrounding this nodule is  a  very distinct capsule of adult con- 
nective tissue, the fibers of which run parallel to the surface of the 
foreign  mass.  In  this  capsule  are  found  numerous  small  blood 
vessels;  they are  particularly well  marked  along the  subcutaneous 
periphery. 
In and beneath this capsule there is  found an almost continuous 
line of cells  of two varieties.  One of these contains a  small round 
deeply staining nucleus about which is  very little protoplasm; they 
are  probably  lymphocytes.  The  second  form  is  a  cell  containing 
a  long  nucleus  that  varies  considerably,  both  in  thickness  and  in 
its  staining capacity.  Some  of the  nuclei  are  very thin and  stain 
deeply.  The larger nuclei are oval and more vesicular in character. 
The  long,  narrow,  and  deep  staining nuclei  lie  within  and  run 
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The fibers forming the capsule seem to consist of the pre-existing 
connective tissue compressed by the nodule.  In a  few places fibers 
appear to branch off from the capsule and extend a  short  distance 
into the nodule.  Their identity is,  however, soon lost. 
Lying within  the  peripheral  zone  of  the  nodule  and  extending 
more or  less  in  a  right angle are  many cells containing large oval 
or spindle-shaped vesicular nuclei.  There are also found, similarly 
situated, numerous narrow deeply staining nuclei.  In the majority 
of  instances the  nuclei  are  found  in  what appear  to  be  interstices 
,,f  the  tissue. 
At one place on the upper  portion of the nodule there is  a  large 
area  of infiltration by cells  containing small round  deeply staining 
nuclei.  There  are  also  many  small  newly  formed  capillaries  in 
this  region.  Beyond the  area  of  round  cell  infiltration are  many 
oval,  faintly staining,  bubble-like  nuclei.  These  have  no  definite 
arrangement,  are  scattered  quite  irregularly.  Numerous  collec- 
tions  of  these  larger  vesicular  nuclei  formed  of  a  dozen  or  more 
individuals heaped  up together without any visible  cell  protoplasm 
or cell  wall are also present. 
The  greater  part  of  the  nodule,  excepting  only a  narrow  peri- 
pheral zone, has undergone a  marked degeneration.  No nuclei are 
evident  nor  can  any  formed  structures  be  distinguished.  There 
are,  however,  certain  distinct differences in  the  density of the tis- 
sue  evident  in  some  portions.  Bands  of  faintly  staining  tissue 
are  found  extending  in  all  directions.  Between  these  are  areas, 
varying greatly  in  shape  and  size,  that  are  much  less  dense  and 
which  show  no  trace  of  a  fibrillar  structure.  They  appear  to  be 
filled with a  distinctly granular material.  In a  few instances there 
can  be  seen  among  the  granular  debris  small  round  bodies  that 
are  homogeneous and have  taken  a  very faint bluish  tinge. 
On  comparing this  nodule with  the  original  human  specimen  it 
is  quite  evident that the fibrillar bands  represent  the  primary con- 
nective  tissue,  while  the  granular  areas  are  the  remains  of  the 
epithelial  nests. 
In these two cases we see that in the young rat there was within 
ten  days  a  complete  absorption  of  the  implanted  tissue  with  no 
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different course of events.  The cancerous nodule was not absorbed 
but  the  bodily  resistance  of  the  rat  appeared  to  be  sufficient  to 
prevent  any  increase  in  size  or  extension  into  other  parts.  The 
foreign tissue was walled off by a  connective tissue capsule, no new 
blood vessels were formed and the pre-existing ones failed to obtain 
nourishment  for  the  cellular  structures.  Consequently  there  was 
a  degeneration  of  the  epithelial  elements.  The  connective  tissue 
being more  resistant underwent a  slighter  degeneration with  little 
or  no absorption. 
It would, therefore, seem evident that while there was something 
in the younger rat that very quickly brought about the destruction 
of the foreign tissue, in the older rat the necessary conditions were 
lacking.  It would therefore appear that the nodule remaining un- 
absorbed in this rat for five months, that a  less degree of resistance 
of the rat,  or an increased degree of virulence of the tumor might 
render a growth of the implanted tissue possible. 